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CONCLUSIONS 
The vegetation defining the grasslands of the Nebraska sandhills 
may be subdivided into range sites on the basis of the individual 
species' ability to adjust to factors of the environment and its inter-
relations with the other components of the plant community. 
Using vegetation cover as a measure of forage production, these 
sites, in respect to their potential, are the dry valley, the rolling sands, 
and choppy sandhill range site. Each of these sites possesses a set of 
model soil and vegetation characteristics with definable limits. 
When soil characteristics were measured and analyzed, highly sig-
nificant differences were recorded among areas, among sites within 
areas, and among depths at the same site. These differences supported 
the delineation of range sites on the basis of soil characteristics. 
Correlations of organic matter content and percentage of soil 
particles in the sil t-clay fraction with the percentage of moisture re-
tained between I / 10 and 15 atmospheres and with the cation-exchange 
capacity were highly significant. This indicated these factors to be 
highly interdependent variables. 
The variation in chemical and physical properties at each sampling 
location and depth was assumed to be a reflection of the rate of forma-
tion and deposition of clay and its diffusion pattern throughout the 
profile. It appeared that organic m atter content, cation-exchange 
capacity and the percentage of so il moisture in the available range 
were the edaphic characteristics most influencing the distribution of 
vegetation within the study areas. Indirectly, the silt-clay fraction may 
be considered to be influencing the distribution of vegetation since it 
controls the soil-moisture relationships. It also regulated other chem-
cal and physical properties of the soil that appeared to be associated 
with the distribution of plant species within the ecosystem. 
Four unions (s tructural units) of the vegetation were delineated 
on the basis of an understanding of ecologic amplitude, phenology, 
and, to a lesser extent, life form of the constituents of the flora. They 
were designated the Festuca octofiora, the Stipa comata, the Sporobolus 
cryptandrus, and the Calamov ilfa longifol ia unions. 
The most important segment of the flora on the sandhill range 
sites was the Calamovilfa union. It contained most of the tall , warm-
season grass species that contributed aspect and dominance to the 
vegetation of the area. 
The Sporobolus union was of second-most importance. The compo-
nents of this union were not only extremely heterogeneous in life-form, 
but represented, to a large extent, the group of species that increase 
in composition percentage under adverse grazing conditions. 
Calamovilfa longifolia stood out as the most uniformly distributed 
and the most abundant species of the vegetation on all range sites. 
Andropogon hallii was considered a most important co-dominant. 
A Soil and Vegetation Inventory and Analysis 
of Three Nebraska Sandhill Range Sites 
Donald F. Burzlaff1 
INTRODUCTION 
The Nebraska sandhills are one of the major livestock producing 
grasslands of the United States. Within their borders is the largest 
continuous, undivided expanse of grassland in the Great Plains. It 
consists of 12 million acres devoted to production of forage for grazing 
animals, within a climatic zone normally expected to support a more 
intensified type of agriculture. This unique situation results from one 
factor, the soil. 
Early settlers soon lea rned that sandhills soi l was not suited to the 
p low. The coarse tex tured soils, often deceptively dark colored, soon 
lost their productivity. Wind erosion presented a problem that is still 
influencing the management of the area today. 
This characteristic had a marked influence on management of 
grazing lands. Progressive ranchers soon learned that over-utilization 
led to wind erosion and range deterioration. 
Pioneer ranchers agree that the productivity of the sandhills has 
improved during the last h alf-century. This in itself is unique, since 
most other extensive grazing lands have deteriorated. 
This may be partially explained by the extinction of the large 
herds of buffalo, elk, deer, and antelope once common to the area. 
With settlement came organized attempts at fire control. Today, 
though fires are not uncommon, they are never extensive and seldom 
recurrent. Limiting the fire factor has been of major importance in 
the stabilization of the coarse textured soils. 
In spite of the obvious importance of edaphic influences on the 
distribution of vegetation, the soils of the sandhills have not been 
studied intensively by scientists. 
This study was undertaken to inventory the soils and vegetation of 
certain areas of the sandhills and to seek edaphic characteristics that 
may be the limiting factor in the distribution of various plant species. 
Information of this nature wi ll permit formu lation of more accurate 
management practices because of a refinement in delineation of range 
sites .2 
1 Associate Professor of Agronomy. 
2 Range site has been d efined by Dyksterhuis (1951 ) as a specific soi l and climatic 
complex associated with a particular cl imax vegetation. 
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REVIEW OF LITERATURE 
The flora of Nebraska has received considerable study. This was 
due, primarily, to the fact that the state is bordered by the Missouri 
River and is bisected by the Platte River. The latter enters the state 
on the west from Wyoming and Colorado and flows into the Missouri 
at Plattsmouth. In early times travel was by boat and collections of 
plant materials were made by explorers along the waterways. 
According to Pound and Clements (1900), the earliest collections 
were made by Lewis and Clark in 1806. These specimens were identi-
fied by Frederick Pursh. 
Nuttall and Bradbury collected at several points along the Missouri 
in 1808. Records of these collections were published in Nuttall's 
Genera of North American Plants (18 I 8). Charles Geyer, botanist of 
the Nicollet expedition, collected extensively in l 838-1839 along the 
Missouri River. His plants were identified by Torrey and records were 
published in Nicollet's report (1843). 
Fremont, in 1842, explored the southern half of the state and 
collected along the Little Blue River and the Platte. Torrey identified 
these specimens. A complete list was published in Fremont's report 
(1845). 
Webber (1889) made one of the earliest collecting trips into the 
sandhills in Thomas County in 1889. Rydberg (1895) made an exten-
sive tour and study of the same area. Although his work was primarily 
taxonomic, it is of interest because of his observations as to the relative 
abundance of some of the major species. 
Smith and Pound (1892) described the flora of Sheridan and Cherry 
Counties. They differentiated the vegetation on a basis of habitat 
types. This was followed by a study by Pound and Clements (1900), 
that provided the earliest comprehensive ecological analysis of the 
sandhills vegetation. 
More recently, Pool (1914) conducted an extensive study of the 
sandhills. He presented a comprehensive inventory and ecological 
interpretation of the flora. 
An understanding of the plant-environment complex has been an 
objective of research for many years. In the search for quantitative 
factors that determine why plants occur where they do, the plant 
ecologist has played an interesting role. Not only has he opened up 
new areas in the related fields of taxonomy, physiology, and cytology, 
but he has fathered the new science of range management. 
Frolik and Shepherd (1940) described the vegetation of an area in 
Cherry County. They defined five major "range types" based on soil 
and vegetation delineations made by the Conservation and Survey 
division of the University of Nebraska. This work was one of the 
few documented inventories of vegetation of the sandhills that was 
expressed in terms of foliage density (cover) by species. 
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Brinegar and Keim (1942) conducted a study comparing sandhill 
and shortgrass ranges. They not only ana1ysed the vegetation, but 
studied activities of cattle on the range and the influence of grazing 
animals on the vegetation. They noted the great diversity of vegetation 
types in the sandhills and made mention of the inherent ability of 
these types to produce different amounts of forage. This, then, might 
be considered the beginning of range site delineation in Nebraska on 
the basis of soils, vegetation, and the inherent capability to produce 
forage. 
The ecologist's basic contribution to the range manager has been 
the development of procedures by which sites with similar inherent 
production potentials can be delineated. Poulton (l 955) stated that 
this inherent capability is determined by the interaction of all the 
environmental factors . 
Gardner and Retzer (1949) stated that as the need for intensive 
management of range lands increased, the need for classification of 
range soils intensified. They considered interpretations at the soil series 
level to be adequate. Eckert (1956) agreed, but thought that it would 
be possible to improve soils interpretations at the series level by sup-
plementing morphological descriptions with physical and chemical 
characterization of the soils. 
DESCRIPTION OF STUDY AREA 
Soils and Topography 
The sandhills formation of eolian dune sand is believed to have 
developed from the older tertiary and pre-Peorian pleistocene materials 
of northwestern and north-central Nebraska (Lugo, 1935), as a result 
of wind action. Most of the large sandhills or sandhills ridges are not 
great piles and ridges of dune sand. They contain hard cores of solid 
tertiary materials with a mantle of eolian sand obscuring their true 
nature. 
Evidence of this can be observed near the Snake R iver Falls in 
Cherry County and along the Middle Loup and Dismal Rivers. Ter-
tiary material is found near the surface of many sandhill valleys. It 
was found during soil sampling for this problem. This material is 
commonly excavated and used as a clay base for sandhill roads. 
It would seem reasonable that the major features of sandhill topog-
raphy are controlled by the bedrock surface. The dune sand is material 
left behind after the fine silt and clay have been sifted out by wind 
action and carried eastward and deposited as loess. 
A more recent deposit of loess occurs over certain areas of the state, 
particularly those adjacent to the eastern fringes of the sandhills. This 
deposit is associated with the Wisconsin period. Most geologists feel 
that loess and sandhill formation has been more or less continuous 
from Peorian times to the present. 
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A complete description of soils in the study area is presented in 
the results and discussion of this bulletin . 
Hydrography 
The sandhills are often referred to as an enormous sponge soaking 
up and storing immense quantities of water. It has been estimated 
that the 20,000 square miles of sandhills, with their underlying tertiary 
deposits, will store 600,000,000 acre feet of water (Condra and Reed, 
1936). 
A large number of streams and rivers flow out of the sandhills. 
Major streams heading in this area are the Snake, Elkhorn, North 
Loup, Middle Loup, South Loup, Dismal, and Calamas Rivers . The 
Niobrara River crosses the sandhills from west to east. Most of the 
flow of this major stream is contributed by the sands and their under-
lying tertiary aquifers. 
Important to the underground flow of water is the fact that the 
entire sandhill region is underlain by the impervious Brule and Pierre 
formations. The underground movement of water is east and south-
eastward in direction. This underground flow eventually finds its way 
to the Platte River where it is of considerable importance in main-
taining water flow. 
Climate 
The sandhills have a typical continental or inland climate. This 
implies winters of considerable severity, summers of unusual warmth, 
rainfall in limited quantities, marked and sudden changes in tempera-
ture, large seasonal and dail y ranges in temperature, low humidity, and 
a large amount of sunshine. 
The annual precipitation of the sandhill study area varies from 
I 7 to 21 inches. Of considerable importance is the seasonal occurrence 
of precipitation. Approximately 70 percent of the moisture falls during 
the growing season-April through September. Table 1 presents the 
Table l. Precipitation records of seven sandhills stations for the five years preceding 
the vegetation study.• 
St alion 1953 1954 1955 1956 1957 1 5 yrav. Normal 
Ainsworth 25.43 19.53 15.02 15.05 25.56 20.12 20.17 
Bunvell 19.84 15.41 10.45 15.06 26.48 17.45 18.56 
Halsey 20.36 17.31 14.55 14.85 31.52 19.71 19.46 
Stapleton 17.08 13.48 16.04 20.62 27.31 18.90 18.97 
Crescent Lake 16.11 13.22 18.69 15.18 19.18 16.47 b 
Gordon 17.31 18.26 17.16 10.67 18.78 16.44 16.60 
H yannis 17.26 18.31 18.09 14.20 25.69 18.71 17.09 
• U. S. W eather Bureau R ecords 
h No long. time average established at this station 
5 
average precipitation records of seven stations within the sandhills for 
the five years preceding this study. 
Temperatures increase from northern to southern locations, as well 
as from west to east within the state. The average normal temperature 
for the state is 50° F. The high temperature for Nebraska is 118° F. 
recorded in 1934. A minimum temperature of -47 F. 0 has been re-
corded. 
METHODS AND PROCEDURE 
Selection and Location of the Study Sites 
Objectives of this study made it necessary to recognize the rela-
tionship between vegetation and edaphic factors as influenced by 
topographic and geographic location, even though they occurred on 
the same soil series and phase. Consequently, a method had to be em-
ployed which permitted the sampling of a larger number of locations. 
Previous experience in the study area indicated that there existed 
three distinct range sites. These sites were: the dry valley, the choppy 
sandhills and the rolling sands. Each had sufficiently different soil and 
vegetation characteristics to warrant range site delineation. 
A list of 18 counties that included the major portion of the sand-
hills within their boundaries was prepared. From this list, eight 
counties were randomly selected for location of study areas. Those se-
lected were Sheridan, Cherry, Garden, Rock, Thomas, Logan, Blaine, 
and Garfield Counties. 
Study locations within the counties were determined through co-
operation with County Extension Agents and Soil Conservation Service 
technicians in the county. These men helped select three ranch co-
operators within each county, each having the three range sites repre-
sented within the boundaries of the ranch unit. 
To be selected, each range site had to fall within "excellent" to 
"high good" range condition class.3 This requirement was in lieu of 
attempting to locate climax study sites or relict areas. Rangelands in 
these high condition classes represent or approach a stable plant com-
munity under the level of management desired to achieve highest 
range productivity and to maintain such productivity indefinitely. 
Convenience and accessibility also were considered in selecting sites 
on a given ranch unit. The final study areas were located on the three 
range sites at each of the 24 ranches. This resulted in a total of 72 
locations at which permanent study areas were established. 
A tabulation of the ranch cooperators in this study and the county 
in which they reside is presented in Appendix Table 12. The location 
of each study area is shown in Appendix Figure 7. 
3 Range condition was judged according to the system of classifying range condi-
tion advanced by Dyksterhuis (1949). 
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Plot Design and Layout 
A square plot with a diagonal of 200 feet was established at each 
study area (Figure l ). 
The areas were permanently marked at each corner and at the 
point of intersection of the diagonals. 
On choppy or rolling hills, plots were laid out so that one or more 
of the plot diagonals occurred on each major slope. 
The research was divided into two phases-the edaphic phase and 
the vegetation phase. Each was studied independently at the same 
location within each range site. 
Sampling 
The Edaphic Phase 
A soil composite was made from material collected at a pre-
determined depth from each of five locations-A, B, C, D , and E within 
C 
B 
D 
Figure 1. Plot design established for edaphic and vegetation studies. 
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the plot (Figure l). Samples were taken at depths of 0-6", 6-12", 12-24", 
and 24-48" rather than at specific horizons. This was done because of 
the apparent lack of profile development in these eolian sandhill soils. 
A Pamona sampler was used to take undisturbed soil cores from 
each depth at each study area. These samples were taken at point "A" 
(Figure l). 
Ordinarily, this sampler is not satisfactory for coarse-textured soils. 
l t was functional for this study only because high soil-moisture content 
at the time of sampling gave a degree of cohesiveness to the single-grain 
structure soils. 
Determination of physical properties 
Laboratory analyses included determina tions of moisture constants, 
particle and bulk densities, particle size analysis, and organic matter 
content. The procedure for each is outlined in United States Depart-
ment of Agriculture Handbook No. 60 (1954). 
Moisture constants for the soils at I / 10 atmosphere and at 15 
a tmospheres of tension were determined by use of pressure membrane 
and pressure plate apparatus. Moisture retained a t 1/ 10 atmosphere, 
instead of 1 / 3 atmosphere, was used as an approxima tion of field 
capacity on these rather coarse-textured soils. This is in agreement with 
the thinking of Richards (1952) as presented by Baver (1956). 
Determinations of moisture retention at specified tensions of 0.000, 
0.005, 0.010, 0.021, 0.041, 0.083, 0.167, 0.334, 0.668 atmospheres were 
made on 24 samples randomly selected from the 288 total samples. 
Results of these determinations were utilized to construct moisture 
release curves for the soils of each range site. 
Particle density determinations were performed on the same sam-
ples for which moisture constants at specified tensions had been de-
termined. Bulk density was calculated for all 288 samples. 
Particle-size analysis of sand separates was made by wet sieving 
the samples into four fractions. Silt and clay fractions of 24 samples 
were separated by the hydrometer method. For the remainder of the 
samples the silt-clay fraction was considered as one entity. Values for 
this particle-size group were calculated on a percentage of dry weigh t 
basis of those particles passing through a 0.05 mm. screen. 
Organic matter content was determined for each sample by the 
potassium dichromate method as outlined in Agriculture Handbook 
No. 60 (1954). 
Determination of chemical properties 
The ch emical analysis of the soils included determinations of soil 
reaction, available phosphorus, exchangeable cations (Na., Ca., K., 
Mg.) and cation exchange capacity for all samples·\ 1lected. 
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Soil reaction was determined by the glass elec trode with a soil paste . 
Determinations of ava ilable phosphorus were m ade by the Bray and 
Kurtz No. 1 method (1945), as adapted by the U niversity of Nebraska 
So il Tes ting Laboratory. 
Determinations of the amount of soluble cations were carried out 
as ou tlin ed by Agricultural H andboo k N o. 60 (1954) and modified by 
University of Nebras ka technicians (Yien and Mazurak, 1953). Concen-
u ·ations of exchangeable calcium, sodium, and potassium were deter-
mined by fla me photometric methods. 
lassification of soils 
Soil p rofil es were studied at 14 of 24 locatio ns. P ro fil es were 
described and soils class ified by a member of the Department of Con-
servation and Survey of the U niversity of Nebraska. 
The Vegetation Phase 
O bjectives required that d ata be quan t itative in na tu re to permi t 
statistical analysis. A method invo lving bo th line transec t and po in t 
quadrat p rinciples was developed and utilized . 
This required the construction of a point-q uadra t frame (Figure 2) 
patterned after th t;i d es ign published by H ead y and R ader (l 958). 
h r ho ever, one bas ic and several minor di ffe rences. 
T he bas ic variation from conven t ional po int-frames concerned the 
s acing of the pins. Normall y spaced a t two-inch intervals, the pins 
of this fra me were des igned with a six-inch interval. This variatio n 
Figure " Thepoint-frame used in the vegeta tion inventory. 
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was made to get a wider distribution of points on the relatively sparse 
grasslands of the survey area. 
Other differences included an angle iron frame and a rubber-
stopper brake for each pin. A sharpened, vertical piece of angle iron 
at the encl of the frame held it erect instead of the "stand" arrange-
ment advocated by Heady and Rader. The stand designed by these 
men would have been inadequate on the steep and rolling slopes of 
the sandhills. 
To more easily understand the manner in which vegetation was 
inventoried, turn to Figure l. Keep in mind the d iagonal lines AB, 
AC, AD, and AE. One-hundred-foot ropes with JO-foot interval clesi -
nations were stretched from point A to points B, C, D, and E to ap-
proximate these diagonals. 
Recording of vegetation was started by placing the po int-frame at
the first JO-foot marker on a line from point A to any other point.
The position of the frame was at a right angle to the line of direction 
of the diagonal. Ten vegetation strikes were recorded at this point. The 
point-frame was then moved to the second IO-foot interval on that line 
but extending on the opposite side of it. This procedure was continue, 
until 10 points had been recorded at each of the for ty JO-foot intervale;i l 
designations on a given study area. Each series of 10 poin ts was co -
siclered a quadrat. A total of 40 quadrats was recorded for each study 
area. 
Strikes with the pins were recorded as bare ground, litter, or as the 
plant species with which the pin first came into contact in its descent. 
A survey crew consisted of two men. One manipulated the pins and 
made identification of the plants. The other was the recorder. His re-
sponsibility was to document each point as it was determined. 
If doubt existed as to the identity of a species, it was collected, 
given a number, and later identified in the laboratory. 
Nomenclature for species was established according to Gleason 
(1952), Fernald (1950), Harrington (1954), and Hitchcock (1950). 
Definitions of terms used in this bulletin to discuss characteristics 
of the vegetation: 
Frequency is the percentage of quaclrats in which a species occurred 
relative to the total number of quadrats taken within a range site. 
Constancy represents the percentage of the total number of study 
areas, within a range site, on which a given species was recorded. 
Ground cover is the number of strikes recorded for litter and vege-
tation relative to the total number of possible strikes, expressed in 
percent. 
Bare ground is the differen ce between the percentage of ground 
cover and I 00 percent. 
Litter cover refers to the percentage of the total strikes for litter 
and vegetation that were attributable to litter. 
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Vegetation cover refers to the percentage of the total strikes for 
ground cover that were attributable to vegetation. 
Composition of the vegetation refers to the percentage of vegeta-
tion cover attributed to each species recorded. 
RESULTS AND DISCUSSION 
For convenience and clarity, this discussion is divided into two 
sections; the edaphic phase and the vegetation phase. 
The Edaphic Phase 
Data about the eclaphic phase were subjected to statistical analyses. 
Means of all quantitatively measured characteristics are presented in 
Tables 2 and 4. Each characteristic is discussed individually.4 
Soil reaction 
The mean pH values are presented in Table 2. Data revealed that 
definite patterns in pH do exist in sandhill soils. 
The differences measured in the reaction of soils between areas 
were highly significant. These differences were attributed largely to 
varying amounts of leaching resulting from the precipitation differ-
ential that existed between eastern and western study areas. Soils from 
Table 2. Means of chemical characteristics of sandhill soils from three range sites. 
Depth I I I C . I I I I Available atton Exchange- Exchange- Exchange- Exchange-of pH phosphorus• exchange able Na"  a ble K" able Ca" able Mg" 
sample (inches) capac1tyb 
Dry valley 
0- 6 6.6 7 4.77 .08 .45 3.19 .90 
6-12 6.8 5 4.04 .07 .33 2.87 .54 
12-24 6.8 4 3.43 .07 .23 2.21 .50 
24-48 6.9 4 4.59 .06 .23 2.64 .66 
Site means 6.8 5 4.21 .07 .31 2.73 .65 
Choppy sandhill 
0- 6 6.4 5 2.89 .04 .17 1.89 .52 
6-12 6.4 3 2.66 .04 .14 1.68 .38 
12-24 6.7 3 2.30 .05 .13 1.40 .38 
24-48 6.7 3 2.49 .16 .11 1.56 .32 
Site means 655 3.5 2.59 .07 .14 1.63 .40 
Rolling sands 
0- 6 6.7 4 3.39 .17 .21 2.24 .46 
6-12 6.8 3 3.17 .17 .19 2.16 .36 
12-24 6.9 3 2.92 .17 .17 1.85 .41 
24-48 6.9 3 2.92 .16 .16 1.94 .30 
Site means 6.8 3.2.5 3.10 .17 .18 2.05 .38 
n ExpresSed as parts per million 
b Expressed as milliequivalents per JOO grams 
'For detailed data of the physical and chemical properties of each soil sample 
see Burzlaff, D. F . 1960. "Soil as a factor influencing distribution of vegetation in 
the sandhills of Nebraska,'' Ph.D. thesis, Utah State University, Logan, Utah. 
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the three most western counties (Cherry, Garden, and Sheridan) ex-
hibited a higher pH than those of the eastern study sites. 
The pH of soils increased on all range sites as depth of sampling 
increased. The differences due to sampling depth were also highly sig-
nificant. This would indicate the surface soil as a zone of leaching and 
the lower sampling depths as a zone of accumulation with consequen t 
increase in pH. 
The choppy sandhill soils had a significantly lower pH (6.4-6.7) 
than either the dry valley (6.6-6.9) or rolling sands (6.7-6.9). This may 
be attributed to the low water-holding capacity, low organic matter 
content, and the relatively low percentage of the silt-clay fraction of 
the soils on this si te. T he significant differences in the pH of so il s, 
among sites, are presented in Appendix Table 13. 
Available phosphorus 
R esults of de terminations for available phosphorus indicated that 
this element was deficient. The va lues varied from less than 3 to as 
high as 22 parts per million. The mea ns are shown in Table 2 for each 
sampling depth at each site. 
Data revealed that the amount of ava ilable phosphorus was sig-
nificantly higher on the dry valley site (5 ppm) than on either the 
choppy sandhills (3.5 ppm) or the rolling sands site (3.25 ppm). This 
was concluded to be largely a consequence of higher organic matter 
con tent and higher percentages of fine particles in the dry va lley so ils. 
There was also a significant decrease in ava ilable phosphorus as 
sampling depth increased. This difference closely paralleled the trend 
in organic matter content of the soils. 
The significant differences (Appendix Ta ble 13) among areas, 
among sites within areas, and among depths on the same site indicated 
that ava ilable phosphorus could be the influencing ch aracteristic of 
vege ta tion on the sites studied . This would be true only if sign ificant 
differences exis ted between ra nge sites for vegetation characteristics. 
Cation-exchange capacity 
T he cation-exch ange capacities of sandhill soils were significantly 
d ifferent among sites and among sampling depths at the same site 
(Appendix Table 13). No significant differences were apparent among 
study areas. 
The cation-exchange capacities of surface soils were highly and 
positively correlated with organic m atter content and with the percen t 
of p articles in the silt-cl ay fra ction (Table 3). 
Mean values for ca tion-exchange capacity are shown in Table 2. 
T h e data indicated a decrease in base-exchange capacity of the soils 
with an increase in sampling depth. This may, in part, be accounted 
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Table 3. Correla tion coefficients and regression equations for four characteristics of 
the sandhills surface soils. 
x, 
x, 
Y1 
r = .876xx 
" Y = 1.150 + 5.121X 
r = .812xx 
" Y = 1.09 + .5303X 
xx Significance at the 0.01 level 
X1 == organic matter content 
X2 == sil t-clay fraction 
Y1 == moisture retai ned between 1/ l O and J 5 atm . 
¥ 2 == cat ion -exchange capacity 
Y2 
r= .885xx 
" Y = 1.83 + 2.046X 
r = .722xx 
" Y = 1.94 + .1856X 
for by th e decrease in organic m atter con tent at these depths. It was 
also in fluenced by the coarser tex tures at the grea ter depths. 
Exchangeable cations 
Determinations were made of the amount of certain exch angeable 
cations (sod ium, po tass ium, calcium, and m agnesium ). In general, 
th ese values followed the pattern of the da ta for ava ilable phosphorus 
and ca tion-exch ange capacity; i.e. , they decreased with an increase in 
sampling depth (Table 2). A notable exception existed with exchange-
able sodium. It remained rela tively constant throughout th e profil e of 
all sites. The rolling sands site exhibited a higher value for exch ange-
able sodium (. 17 miIJiequivalents per 100 grams) th an either of the 
other sites (.07 miIJiequiva len ts per 100 grams). 
No analysis of the variance of exch angeable ca tions was m ade be-
cause of missing da ta. T he missing informa tion resul ted from accumu-
lations of calcium and sodium carbona tes in 16 of the sam ples that 
gave tota ls for the exchangeable cations greater than the cation-ex-
ch ange capaci ties . T his was clone in accordance with Rich ards (1954) 
who stated th at the calcium and m agnesium determinations are disre-
garded if completion of the analyses indicates va lues obtained for 
amounts of exch angeable cations exceed the ca tion-exchange capacity 
values. 
Organic matter content 
Organic ma tter con ten t h as a pronounced influence on the physi-
cal and chemical activities of the soil. In the sandhill soils it seemed 
to be related to the wa ter-holding capacity of the soil and the cation-
exch ange capacity (Table 3). 
Soils of the dry valley site h ad the highest organic matter content 
(.67% )- T h e choppy sanclhills soils contained the least organic m atter 
(.29%), while the rolling san ds were intermediate, (.42% ). At all sites, 
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Table 4. Means of certain physical characteristics of sandhill soils from three range 
sites. 
Depth 
I 
Percent I Percent water I Percent water I Bulk Particle 
of organic retained at retained at density density• 
sample (inches) matter 1/ 10 atmosphere 15 atmospheres gr.f ee. gr.f ee. 
Dry valley 
0- 6 1.40 11.57 2.88 1.47 2.60 
6-12 .70 9.96 2.47 1.51 2.61 
12-24 .38 9.42 2.79 1.54 2.65 
24-48 .21 10.67 2.98 1.56 2.66 
Site means .67 10.41 2.78 1.52 2.63 
Choppy sandhill 
0- 6 .52 4.97 1.35 1.55 2.62 
6-12 .30 4.13 1.03 1.57 2.61 
12-24 .19 3.91 .93 1.58 2.62 
24-48 .I 4 3.72 1.00 1.58 2.64 
Site means .29 4.18 1.08 l.57 2.62 
Rolling sands 
0- 6 .81 7.38 2.23 l.52 2.63 
6-12 .44 4.42 2.26 l.54 2.63 
12-24 .25 5.68 1.73 l.57 2.64 
24-48 .19 5.40 1.57 1.59 2.62 
Site means .42 6.47 1.95 1.55 2.63 
a Average of values from two ra ndomly selected study areas 
the surface foot of soi l contained the highest amount of organic ma-
terial (Table 4). The remaining three feet of sampling depth were 
uniformly low. The difference in organic matter content among sam-
pling depths of sandhills soils reflected the nature of the distribution 
of underground plant parts. 
Highly significant differences in organic ma tter content were found 
among sites and among depths of sampling (Appendix Table 3). The 
difference in organic matter content among sites was considered to be 
a function of differences in herbage production and the consequent 
accumulation of litter on the soil surface. 
Moisture constants 
The moisture constants measured were the percent of moisture re-
tained at tensions of 1/ 10 atmosphere, an approximation of field ca-
pacity, and 15 atmospheres, an approximation of the lower limit at 
which soil moisture is available to plants. 
Highly significant differences in the percentage of moisture re-
tained at l / 10 atmosphere were measured among areas, among sites 
within areas, and among sampling depths at the same site (Appendix 
Table 13). 
The mean values of the two moisture constants are shown in Table 
4. The value for these constants decreased with an increase in sampling 
depth. This was similar to values for available phosphorus, cation-
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Figure 3. Moisture-release curves for soils of each range site. 
exchange capacity, organic matter and the percentage of soil particles 
in the silt-clay fraction. 
The percentage of moisture retained between 1/ 10 and 15 atmos-
pheres tension was correlated with the organic matter content of the 
soils and with the percent of particles in the silt-clay fractions. These 
correlations were positive and highly significant (Table 3). 
Moisture retention at specified tensions of 0.00, .005, .010, .021, .042, 
.083, .167, :334, and .668 atmospheres was determined on eight soil 
samples from each range site. The nature of the moisture retention 
curves justified selection of l / 10 atmosphere as an approximation of 
field capacity (Figure 3). They closely approximated the moisture re-
lease curve for Hanford sand presented by Baver (1956). A large 
percentage of water was removed from coarse-textured soils at low 
tensions. The loamy fine sands of the dry valley site lost 69 percent of 
the moisture held at saturation by the time l / 10 atmosphere was 
reached. The fine sands of the rolling sands site lost 77 percent and 
the medium sands of the choppy sandhills lost 84 percent. 
Duley and Domingo ( 1949) showed, as a result of infiltration tests, 
a maximum water intake for sandhill soils of 8.05 inches per hour for 
the first hour. The minimum for the second hour was 4.36 inches per 
hour. The high infiltration rates resulted from the low water-holding 
capacity of these coarse-textured soils. It is evident from the data of 
Table 5 that the dry valley site can retain twice as many inches of 
available water in the surface four feet of soil as the choppy sandhill 
site. It has 76 percent more storage capacity than the rolling sands site. 
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Table 5. Surface inches of water retained between l / 10 and 15 atmospheres of 
tension by sandhill soi ls from three range sites. 
Dept h of sample (inches) 
0- 6 
6- 12 
12-24 
24-48 
Si te to tal 
Dry valley 
Choppy sandhill 
0- 6 
6- 12 
12-24 
24-48 
Site tota l 
0- 6 
6-12 
12-24 
24-48 
Site total 
Rolling sands 
Inches of water 
.77 
.68 
1.22 
2.88 
5.55 
.39 
.39 
.57 
1.03 
2.38 
.47 
.48 
.74 
1.46 
3.15 
Perhaps one reason why the true-prairie flora developed in this area 
is the unique soil-moisture rela tionships. T he high infil tration rate 
and low water-holding cap acity of the soil convert insignifican t showers 
into effect ive precipi tat ion. Since infiltra tion ra tes exceed the 100-year 
expected ra infall intensity-frequency ra tio, precip itation losses d ue to 
surface overfl ow have been negligible . T he distribu tion of prec ip ita-
t ion th ro ugho u t the growing season permits frequent replenishmen t of 
the ava ilable moisture in the root zone. T his represents a more favor-
able environment fo r the growth and reproduction of vegetation than 
wo uld be encoun tered on fine-textured soils under a simi lar cl imate. 
Bulk and particle density 
Bulk density determinatio ns were m ade for soils at each location 
and depth. Mean values are shown in Table 4. Signi fican t differences 
occurred in bulk density among sites and among sam pling depths 
(Appendix Table 13). T his facto r was considered of li ttle influence in 
determin ing d istribu tion of spec ies thro ugho u t the stu dy area becau se 
significa n t correlations d id no t exist between it and the com pos ition 
percentages of spec ies which demons tr a ted significan t d ifferences be-
tween sites. 
Par ticle density de termina tions were made on 24 selec ted samples. 
Values for this ch aracteri stic a t di fferent sampling depths for each 
range site are p resented in Table 4. T h e average particle d ensity for 
th e 24 samples was 2.63 grams per cubic centimeter. T he range was 
fro m 2.60 to 2.70 grams. 
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The dry valley site showed an increase in particle density with 
increased sampling depth. This resulted from wind deposition of 
fine-textured soil particles over the more coarse-tex tured parent sand . 
Mechanical analysis 
T h e percentage of soil particles in each size fraction was determined 
fo r each sample (Table 6) . 
Though relatively small , the percentage of particles in the silt-clay 
fractio n was most influential in determining the physical and chemical 
properties of sandhill so ils. Highly significant differences in the 
silt-clay fraction were found among areas, depths, and range sites (Ap-
pendix Table 13). The silt-clay fraction also displayed highly signifi-
cant and positive correlation with moisture-re taining ability and with 
the cation-exchange capacity of the soils (Table 3) . 
Table 6 shows that so ils of the dry valley site contain a greater 
percent of particles in the silt-clay fraction (14.89%) than either those 
of the choppy sandhills (5 .74%) or the rolling sands (7. 19%). Lesser 
amounts of par ticles in the medium sand and fine sand fractions were 
also noticeable. 
Based on the information provided by the mechanical analysis, th e 
texture of the dry va lley soils would be designated as fine to very-fine 
loamy sands. T he so ils of the rolling sands site are fine to very-fine 
sands, and those of the choppy sandhills are medium to fine sands. 
There is considerable discussion among ranchers concerning a 
rather intangible soil factor-compaction. They speak rather freely of 
Table 6. Mech anical analyses of sandhill soils from three range si tes. 
Depth of Percent soi l parlicles in each fractio n 
sample 
I I 
( in ch es) l.0-0.5mm 0.5-.25mm .25-.I0mm . l 0-.05mm > .05rnm 
Dry valley 
0- 6 .95 14.05 60.20 11 .62 12.53 
6- 12 1.20 14.07 56.99 13.16 14.70 
12-24 1.23 16.62 55 .95 8.77 17.80 
24-48 1.59 17.12 55.61 11.15 14.51 
Site m eans 1.24 15.46 57.18 11.18 14.89 
Choppy sandhill 
0- 6 1.2 I 21.36 68 .90 3.99 6.30 
6-12 1.49 21.69 68.75 3.65 7.74 
12-24 .97 21.12 69.60 3.84 4.45 
24-48 .96 21.91 68.85 3.77 4.47 
Site m eans 1.15 21.52 69.02 3.81 5.74 
Rolling sands 
0- 6 1.36 17.22 63.96 9 .1 3 7.83 
6- 12 .G6 17.38 64.32 9.28 7.92 
12-24 J.52 19.66 63.61 8.49 6.72 
24-48 J.77 19.62 64. 12 8.21 6.30 
Site means 1.33 18.47 64 .00 8.78 7.19 
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Table 7. Mechanical analysis of Garden County soils from three range sites. 
Percent soil particles in each fraction 
l.0-.5mm .5-.25mm .25-.I0mm .10- .05mm > .05mm 
Dry valley 
3.66 36.44 49.46 2.44 7.90 
Choppy sandhill 
2.92 52.82 39.10 1.13 4.03 
Rolling sands 
3.00 47.64 42.68 2.48 4.17 
" soft" sands and "hard" sands. The "soft" sands are those which are 
most subject to wind erosion and require higher levels of management 
to maintain. They are droughty soils and, in general, less productive 
of vegetation. 
The soils of central Garden County fell within the rancher's classi-
fication of "soft" sands. Ranches 22, 23, and 24 (Appendix Table 12) 
were located in this area. Table 7 represents a summary, by range site, 
of the mechanical analysis of the Garden County sands. 
Data indicated these soils to be medium sands. They also showed 
that there was a larger percent of sand compared to silt-clay than oc-
curred on similar sites at other study areas. 
The phenomenon of "soft" sands is explained by the occurrence 
of soils that have a large percentage of soil particles in one or two 
coarse fractions and a minimum of fine-textured particles to fill the 
interstices. 
Classification and description of soils 
Complete classifications and profile descriptions were obtained at 
I 4 of 24 study areas. 5 This information was summarized into site 
descriptions.6 
Soils of the dry valley site have been variously classified in the 
past. The heterogeneous nature of these soils was reflected in the de-
scriptions made during this study. Two areas were considered to be 
Elsmere loamy fine sands; another was classified as Haxtun loamy fine 
sand; and still another as an Anselmo loamy fine sand. The remaining 
10 were of an undetermined classification and were given tentative 
designation as "dry valley variants" of Valentine sand. 
5 The author is indebted to John Elder of the University of Nebraska, Depart-
ment of Conservation and Survey, for performing the classification and description 
of these soils. 
6 For detailed soil descriptions of 42 sites see Burzlaff, D. F . 1960. Soil as a factor 
influencing distribution of vegetation in the sandhills of Nebraska . Ph.D. thesis, 
Utah State University, Logan, Utah. 
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Typically, the dry valley site is a flat valley between choppy sand-
hills or rolling sands. These valleys may be as small as three or four 
acres or as extensive as a half-section. There is usually less than one 
percent slope and little change in relief. 
The profiles are poorly defined. Two major horizons were evident. 
The "A" horizon was a very dark gray and graded into the grayish-
brown of the "C" horizon at depths of 8 to 15 inches. 
The parent materials were eolian sands that provided excellent 
drainage on these sites. Only those soils that had buried profiles or 
where the tertiary silts and· clays were exposed at a shallow depth had 
imperfect drainage. 
The soils of the choppy sandhills were classified as stabilized dune 
sand. Since this is a somewhat misleading term, it is suggested that 
these soils be carefully described and named. A proposed name for 
this soil type is Thedford sands. 
The physiography of this site was steep dune-like hills with slopes 
of 20 to 40 percent and variations in relief of 80 to 100 feet. 
Profiles of the soils were poorly defined. Two major profiles were 
evident. The "A" horizon was dark grayish-brown and graded into 
the grayish-brown of the "C" horizon at depths of two to four inches. 
At 9 to 16 inches the color changed to brown and remained constant 
through the remainder of the profile. The medium to fine sands of this 
site provided no barrier to downward movement of water. Drainage 
was considered excessive. 
Soils of the rolling sands were classified as Valentine fine sands. 
The physiography of this site was of gentle undulating hills and valleys 
with as much as 80- to I 00-foot changes in relief. It lacked the sharp 
features and steep slopes of the choppy sandhills. 
Two poorly-defined horizons were evident in the soil profiles of 
this site. The very dark grayish-brown fine sands of the "A" horizon 
graded into the grayish-brown to brown "C" horizon at depths of 4 to 
10 inches. 
Drainage was adequate to excessive in the soils of this site. 
The Vegetation Phase 
Vegetation within the sandhills occurs as recognizable units (unions) 
determined by their ability to adjust to the factors of the environment 
and by the interaction of their respective ecologic amplitudes. 
Daubenmire (1952) defined the union as the smallest structural unit 
in the organization of vegetation, consisting of one or more species that 
make similar demands on their environment. 
The unions within the range site were selected on the basis of an 
understanding of the ecologic amplitude, phenology, and, to a lesser 
extent, the life-form of the constituents of the sandhill flora. Four 
unions were delineated for the flora of each range site. These were the 
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Festuca octofiora union, the Stipa comata union, the Sporobolus cryp-
tandrus union , and the Calamovilfa longif olia union. 7 
The Festuca octofiora union is characterized by those species, an-
nual and perennial, that make their appearance early in the spring. 
They flower, mature, seed, and die or become dormant and inconspic-
uous by late spring. Belonging to this union, but not exhibiting suffi-
cient constancy to be included in the discussion, were Lepidium 
densifiorum, Silene antirrhina, and Phlox glabrata. 
The Stipa comata union is of vital importance to ranchers of the 
sandhills because it is from this group of plants that livestock obtain 
their earliest green forage . Components of this union start growth 
in mid-spring. They make major ecological demands on the habitat 
in the late spring and early summer. Dormancy during mid-summer 
heat is characteristic. If adequate moisture is available, growth re-
sumes with the return of cool temperatures in the fall. This union is 
composed of species of Stipa, Carex, Cyperus, Poa, Panicum, and 
Koeleria cristata. 
The Sporobolus cryptandrus union contains those species that start 
growth in late spring and reach anthesis by mid-summer. Bouteloua 
hirsuta, Bouteloua gracilis, and Sporobolus cryptandrus, together with 
the shrubs, Amorpha canescens, Prunus besseyi, Rosa arkansana, and 
the £orbs, Petalostemum, Psoralea, and Eriogonum annuum, are con-
stituents of this group. 
The Calamovilfa longifolia union is made up of many of the tall , 
warm-season grasses that provide the true-prairie aspect of the sandhill 
grasslands. Important components of this union include Calamovilfa 
longifolia, Andropogon hallii, Andropogon gerardi, Andropogon 
scoparius, Eragrostis trichodes, Panicum virgatum, Redfieldia fiexuosa, 
and Muhlenbergia pungens. 
Summaries of the vegetation of each range site are presented in 
Tables 9, l 0, and 11. Species shown in these tables were selected be-
cause they exhibited a constancy of 50 percent or more on all study 
areas sampled within each range site.8 
Imposing this constancy limit resulted in a pronounced reduction 
of species included for consideration. However, data revealed that rep-
resentatives of all unions were included. When the percent composition 
was totaled for species included in Tables 9, 10, and 11 , it was found 
that they contributed 76.5 , 83.2, and 86.5 percent, respectively, to the 
vegetation cover of the dry valley, choppy sandhill, and rolling sands 
range sites. 
7 Common names associated with these species are listed in Appendix Table 14. 
8 For a complete species list for each range site, see Burzlaff, D. F . 1960. Soil as a 
factor influencing distribution of vegetation in the sandhills of Nebraska. Ph.D. 
thesis, Utah State University, Logan, Utah . 
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Table 8. A comparative tabulation of the characteristics of the vegetation of three 
range sites. 
Vegetation 
Range site 
characteristic 
Dry valley R olling sands Choppy sandhilJ 
Total species 91 82 83 
Ground cover 96.5% 90.5% 85.0% 
Litter 18.9% 32.6% 37.5% 
Vegetation cover 81.1 % 67.4% 62.5% 
Bare ground 3,5% 9,5% 15.0% 
T h e severe restriction relative to constancy is justified if the sta te-
ment of Poulton (1955) is considered : 
In order for a species to h ave indicator value of ecological 
importance it must express either high constancy among stands 
or exhibit reasonably high dominance on some of the stands. 
Vegetation of the dry valley range site 
T he inventory showed 91 species constituted the flora of the dry 
valley range site (Table 8). The total ground cover was 96.5 percent. 
Of the total cover, 18.9 percent was litter and 81.1 percent was living 
vegetation. 
Although this site was characterized by the least percentage of 
litter, it had the greatest percentage of ground cover, the largest per-
centage of vegetation cover, and the least bare ground (Figure 4) . 
Figure 4. The dry valley sites are often used as a source of winter feed for livestock. 
Their rela tively uniform topography lends itself to haying operations. This range 
site is often interrupted b y ridges of choppy sandhills which furnish protection and 
forage for livestock during severe weather. 
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Results of the vegetation analysis are summarized in Table 9. Al-
though many species showed high constancy values, only Calamovilfa 
longifolia demonstrated a high frequency. The result is reflected in the 
extent to which this species dominated the composition of the vege-
tation. 
Composition percentages presented in Table 9 did not agree with 
those published by Frolik and Shepherd (1940) for species of this site. 
Their data showed Sporobolus cryptandrus to be the most important 
species relative to percent cover composition. 
Data presented by Frolik and Shepherd indicated that the sites 
selected for study had either been subjected to unfavorable grazing or 
were recovering from the severe drought of the early l 930's. In all 
probability, it was a combination of the two influences. 
Of notable interest were the identical composition percentages of 
Bouteloua gracilis obtained in each of the studies. This indicates that 
this species may be a much more stable entity in the plant community 
than its taller associates. The variations in dominance and produc-
tivity associated with variations in range condition might then be more 
directly related to fluctuations of such species as Stipa comata, Calamo-
vilfa longifolia, Andropogon hallii, and Panicum virgatum than to 
changes in Bouteloua gracilis. 
Table 9. Constancy, frequency, and composition percentages of the flora of the dry 
valley range site." 
I Constancy I 
Percent 
U nion Species I Composition Frequency 
Festuca Festuca octoflora 96 30.4 6.72 
octof/ora 
Stipa Stipa comata Si 24.6 5.96 
comata Panicum scribnerianum 69 14.9 2.95 
Carex heliophila 50 14.7 3.0i 
Sporobolus Bouteloua gracilis 83 38.l 13.42 
cryptandrns Sjwrobolus cryptandrus 100 28.6 6.11 
A ·m.orpha canescens 65 11.1 2.56 
Rosa arkansana 61 3.6 .51 
Calamovilfa Calamovilfa longifolia 100 62.2 21.32 
longifolia Andropogon hallii 91 18.9 4.85 
Panicum v irgatum 78 16.8 4.53 
Ambrosia psilostachya 65 11.7 2.57 
a This table includes only those species that exhibited a constancy of 50 percent or more. 
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The Festuca octofiora union reached its maximum development 
on the dry valley site. Festuca octofiora is an omnipresent annual on 
this site where it composed 6.72 percent of the total vegetation cover. 
It commonly displays yearly variation in dominance. The variation in 
dominance can be explained by yearly fluctuations in the weather. Its 
relative abundance in 1958 resulted from above normal precipitation 
in the fall of 1957 and the spring of l 958, together with below normal 
spring and early summer temperatures in 1958. 
The Stipa comata union on this site was dominated by the species 
for which it was named. Data in Table 9 indicate that this union 
contributed a minor portion to the total vegetation cover of the site. 
This is somewhat misleading because such species as Stipa spartea and 
Paa pratensis contributed substantial amounts of vegetation cover, but 
were not included in the table because they showed restricted dis-
tribution. 
At the dry valley site, the Sporobolus cryptandrus union was domi-
nated by Bouteloua gracilis. This species contributed 13.42 percent to 
the composition of the flora of the site. Components of this union, 
though similar in their ecology, were heterogeneous in life form. 
They included short grasses, midgrasses, shrubs, and many perennial 
and annual £orbs. Only four species exhibited sufficient constancy to 
be included in Table 9. 
The low composition percentage (.51 % ) and high frequency (61 % ) 
of Rosa arkansana demonstrated that this species occurred as uni-
formly-scattered, individual plants throughout the flora of this site. A 
very similar distribution pattern was observed for Amorpha canescens. 
Sporobolus cryptandrus was one of the important species of the 
union. It contributed 6.11 percent to the composition of the flora . This 
species is one of the major pioneer plants on disturbed areas. It also 
increases in abundance on ranges subject to overgrazing or drought. 
The Calamovilfa longifolia union is the major structural unit of 
the flora on the dry valley site. Within this group are those species 
that provide both aspect and dominance to the plant communities. 
Calamovilfa longifolia is the most important and abundant compo-
nent of the flora. Andropogon hallii and Andropogon scoparius are 
major contributors to the composition of the vegetation. The low 
constancy (43% ) but high composition percentage (3.41 % ) of Andro-
pogon gerardi indicated it was restricted in distribution but dominated 
the locations at which it occurred. 
Vegetation of the choppy sandhill range site 
A total of 83 species were recorded on the choppy sandhill range 
site. The total ground cover was 85 percent. Litter made up 37.5 per-
cent of the ground cover. Living vegetation comprised the remaining 
62.5 percent of cover. These values may be compared with those of 
other sites in Table 8. 
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The choppy sandhill site is dominated by tall grasses-Ca lamovilfa 
longifolia and Andropogon hallii. T hese importa nt grasses occurred 
in a homogeneous pattern thoughout the site (Figure 5). The subdomi-
nants-Andropogon scoparius and Eragrostis trichodes-were usually 
restricted to the north- and east-facing slopes of the cho ppy hills a long 
with Rosa arkansana. Muhlnebergia pungens and Bouteloua hirsuta 
were more common o n the ridge tops and o n the south and west ex-
posures. 
The same four unio ns present on the dry valley site were delineated 
in the Hora of the choppy sandhills. However, the dominance of indi-
viduals within each union was often quite different (T able 10). 
The Fest uca octoflora union was represented on this site. Festuca 
octoflorn was the mos t important species of this union. H owever, it 
occurred inconsistentl y with low frequency and made only minor con-
tribution (.88% ) to the composition of the vegetation. 
T he cool-season species of the Stipa comata union contributed but 
a small portion to composition of the flora. Cyperus schweinitzii was 
the most abundant member of this union. Koeleria cristata, because of 
its consisten t distribution and obvious sensitivity to grazing, is a useful 
indicator of past use. Its presence on sandhill grazing la nds in excess of 
one percent of the compositio n is considered a re flection of careful 
management. 
The Sporo bolus c1yptandrus union reached its maximum develop-
ment on this site. The heterogeneous life-form of the components was 
particularly obvious. Bouteloua hirsuta, Sporobolus cry ptandrus, and 
R osa arkansana were the most uniformly distributed species within 
Figure 5. The choppy sandhill site is characterized by steep slopes and coarse 
textured soils. These soils are subject to severe wind erosion when overgrazed . They 
are best suited to winter use by Ii,·estock. 
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T able 10. Constancy, frequency, and compos1t10n percentages of the flora o f the 
choppy sandhill site. ' 
U nion 
Festuca 
octoflora 
Stipa 
coma/a 
Sporobo lus 
cry,ptandru.s 
Ca lamovilfa 
longifolia 
Species 
Festuca octoflora 
Cyperus schweinitzii 
Koeleria cristata 
Stipa comata 
/Joute loua hirsuta 
Rosa arkansana 
Sporobo lus cryptandrus 
Yucca glauca 
Prunus besseyi 
Peta lostemum vi llosum 
Eriogonum annuum 
Ca lamovi lfa longifolia 
Andropogon hallii 
Eragrostia trichodes 
A ndropogon scoparius 
Ambrosia psilostachya 
Muh lenbergia pungens 
Redfieldia flexuosa 
So lidago missouriensis 
I Constancy I 
50 
67 
79 
67 
75 
79 
96 
58 
54 
67 
50 
100 
JOO 
75 
83 
75 
92 
50 
50 
Pcrcen L 
Frequency 
4.5 
15.9 
6.1 
5.3 
14.9 
13.8 
12.8 
4 .7 
4.2 
4.2 
1.9 
56.5 
39.5 
19.2 
18.9 
14.9 
13.8 
3.1 
2.0 
I Composit ion 
.88 
4.08 
1.49 
1.22 
4.67 
4.79 
3.14 
l.73 
1.04 
1.02 
.4 1 
23.84 
13.53 
6.04 
5.89 
4.01 
3.81 
.98 
.45 
a Th is table incl udes only those species that exh ibited a constancy of 50 percent or more. 
this union tha t m ad e m ajor contribution to the composit ion of the 
flora. 
Yucca g lauca was a common constituent of the flora of this site. 
T he percent composition of this species increases with range over-
u tiliza tion . It was most frequentl y found o n ridge tops and on the 
south and wes t slopes of the choppy hills. 
The Calamovilfa longifolia union was the m ost important segm en t 
of the fl or a a t this site. T he components of the union contributed m ore 
than 58 percent to the vegeta tion cover of the choppy sandhills. 
Calamovilfa longifolia was the dominant species of the union and 
of the flora. T his species and Andropogon hallii each exhibi ted a uni-
form distribution . T h e extent of domin ance of these two species is 
shown in Table JO. T heir combined composition percentages were 
more than 37 percen t . 
R ydberg (l 895) m entioned the d omina nce of R edfie ldia flexuosa 
in the dune areas of the sandhills. T olstead (1947) in his ana lysis of 
the vegetation of northern Cherry County, al so di scussed its impor-
tance. The presen t study indicated that this grass is of minor im-
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portance on stabilized soils of the choppy sandhill range site. This is 
shown in Table 10, where its composition percentage is shown to be 
less than one percent. This is consistent with data presented by Frolik 
and Shepherd (1940), who listed the composition of this species as .8 
percent. 
Muhlenbergia pungens, although different in life-form from its 
taller associates, was considered a constituent of the union. Although 
this species demonstrated a high level of constancy throughout the 
site, it was commonly found on ridge tops and on south and west 
exposures of the choppy sandhills. 
Vegetation of the rolling sands site 
A total of 82 species were recorded for the rolling sands site. T his 
site was intermedia te between the dry valleys and choppy sandhills in 
its characteristics (Figure 6). The ground cover was determined to be 
90.5 percent. The cover was composed of 32.6 percent litter and 67.4 
percent living vegetation. Comparisons of the characteristics of the 
three sites are presented in Table 8. 
The most important dominant on the rolling sands site was 
Calamovilfa longifolia. This was consistent with the findings of Frolik 
and Shepherd (1940) and Rydberg (1895). It disagrees with Tolstead 
(1947) who stated that it made its best development on the south slopes 
of dunes and in the broad dry valleys. 
Pound and Clements (1900) and Pool (1914) presented information 
to indicate that the flora in earlier years was dissimilar in composition 
to the present flora. They specifically refer to dominance of A ndro-
pogon scopari11s and the homogeneity o f the flora over vast areas of 
the sandhills. 
The dominance of Andropogon scoparius was such that Weaver 
and Albertson (1956) designated the entire sandhills, exclusive of the 
Figure 6. The gentle, undulating slopes of the rolling sandhill site lend themselves 
to summer grazing for livestock. 
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Table II. Constancy, freq uency, and compos1t1on percentages of the flora of the 
rolling sands range site." 
I Constancy I 
Percent 
Union Species I Composition Frequency 
Festuca Festuca octofiora 91 I 8.1 4.87 
octoflora 
Stipa Stipa comata 79 15.7 4.42 
comata Cyperus schweinitzii 71 15.4 4.29 
Panicum scribnerianum 54 10.0 1.38 
Koeleria cristata 71 7.4 1.62 
Sporobolus Sporobolus cryptandrus 100 35.8 9.38 
cryptandnts Bouteloua hirsuta 88 21.7 6.62 
A morpha canescens 54 12.5 2.61 
Rosa arkansana 67 6.0 I.IS 
Calamovilfa Calamovilfa longifolia 100 71.5 28.09 
longifolia Andropogon hallii JOO 35.7 11.00 
Ambrosia psilostachya 67 12.5 3.19 
A ndropogon scoparius 75 12.1 3.35 
Eragrostis trichodes 50 9.1 2.80 
Panicum virgatum 67 5.4 1.67 
a This table includes on]y those species that exhibited a constancy of 50 percent or more. 
sub-irrigated meadows as a bunch grass community. They considered 
the relative insignificance of this species as reported by Frolik and 
Shepherd (1940) to be a result of severe drought. Weaver and Albertson 
(I 956) lightly regarded the importance of Andropogon scoparius. as a 
forage-producing grass for grazing livestock. This species currently 
commands the respect of range managers who regard it as capabje of 
producing high quality forage when present in the flora of the grass-
lands. 
T hose species that exhibited a constancy greater than 50 percent 
on the roll ing sands range site are listed in Table 11. 
The Festuca octofiora union was represented on the site by the 
species for which the un ion was named . Festuca octofiora, which pro-
vided 4.87 percent of the total cover on the site, dominated the union. 
No other species of the un ion exhibited sufficient constancy to warrant 
cl iscussion. 
The Stipa comata u nion was an important structural unit of the 
flora on this site. The combined composi tion percentages of Koeleria 
cristata, Cyperus schweinitzii, Panicum scribnerianum and Stipa co-
rnata showed that these species provided 11.71 percent of the total 
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vegetation cover. Stipa comata demonstrated the most uniform dis-
tribution of any of the species included within this union. 
The Sporobolus cryptandrus union was dominated by the species 
for which it was named. Sporobolus cryptandrusprovided 9.38 percent 
of the total vegetation cover of the site. It is of interest to note that 
Frolik and Shepherd (1940) referred to this species as being grazed by 
cattle in preference to Calamovilfa longifolia. This statement is not 
compatible with observations made during the present study. 
Bouteloua hirsuta reached its maximum development on this site, 
where its composition was 6.62 percent. 
Amorpha canescens was considered by Weaver and Albertson (1956) 
as a plant that decreases under grazing pressure. Results of this study 
indicate that it seldom reaches composition percentages in excess of 
three percent on ranges in a high range condition class. Observations 
of this species on ranges in lower condition classes indicated that it, 
along with most other native legumes, actually increases in composi-
tion percentages when subjected to grazing by cattle. 
The Calamovilfa longifolia union was dominated by the tall, warm-
season grasses. The components of this union contributed over 50 
percent to the vegetation cover of this site. Calamovilfa longifo lia, 
showing a composition percentage of 28, made its maximum develop-
ment on this site. Andropogon hallii ranked as the second most im-
portant species on the rolling sands site. 
APPENDIX 
Table 12. Ranch cooperators on the project. 
Study site Name Address County No. 
0. B. Waddill Gordon Cherry 
2 Thane Davis H yannis Cherry 
3 Lyle Starr Mullen Cherry 
4 Joe Dieriex Rushville Sheridan 
5 H . H. Forney and Sons Lakeside Sheridan 
6 :F. A. Leistritz Lakeside Sheridan 
7 Everett Shaw Bassett Rock 
8 Dale Caskey Bassett Rock 
9 Carl Schroeder Burwell Rock 
10 Clair Abbott Burwell Garfield 
ll Dewey Lee Burwell Garfield 
12 Gerald L. Quinn Burwell Garfield 
13 M . G. McGooden Dunning Logan 
14 Tom Morrison Dunning Logan 
15 Robert Baskin Stapleton Logan 
16 A. F. Bates Halsey Blaine 
17 Vesta Saner Dunning Blaine 
18 R . H. Neimuth Almeria Blaine 
19 Burdell Seeley Halsey Thomas 
20 Wayne Collier Dunning Thomas 
21 J .C. Swift Thedford Thomas 
22, 23 Crescent Lake Wildlife Refuge Ellsworth Garden 
24 Victor Eldred Ellsworth Garden 
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Figure 7. Outline map of Nebraska showing· the location o f the sandhills, the coun ties included , a nd the location of study a reas. 
Table 13. Analysis of variance of certain physical and chemical properties o{ soils from all sam pling locations in the Sandhills o{ Nebraska. 
Source 
I 
Degree 
I I 
Available 
I 
Organic 
I 
Cation -
I 
Silt-day 
I 
Moisture 
of of Soil p hosphorus matter exchange Bul k fract ion retention 
variation freedom rcaC'tion ppm content capacity density percentage 1/ 10 atm. 
Mean Squares 
Total 287 
"" 
Areas 23 1.113 ... 58.56·· .119 5.98 .0128 154.l 64.63 
0 
Si tes 2 2.015° 92.37 ... 3.650 ... 61.33** .0696** 2320.4** 951.15** 
Error A 46 .401 19.52 .091 4.7 1 .0089 128.6 49.34 
Depths 3 .960** 73.08** 7.637** 7.87"* .0489** 41.3 37.89° 
Site x Depth 6 .085 3.30 .819° "' 1.90 .0048 74.4° 8.68 
Error b 207 .107 3.58 .024 1.28 .0030 21.2 8.05 
""Indicates significance at the .05 level. 
..... Indit.:ates significance at the .01 level. 
Table 14. Scientific and common names of sandhills vegetation.
Scientific Nam e 
Ambrosia psilostachya 
A morpha canescens 
A ndropogon hallii 
A ndropogon scoparius 
Bouteloua gracilis 
Bouteloua hirsuta 
Calamovilfa longifolia 
Carex heliophila 
Cyperus schweinitzii 
Eragrostis trichodes 
Eriogonum annurn 
F estuca octofiora 
Koeleria cristata 
Muhlenbergia pungens 
, Panicum scribnerianum 
Panicum virgatum 
Petalostemum v illosum 
Prunus besseyi 
Redfieldia flexuosa 
Rosa arkansana 
Solidago missouriensis 
Sporobolus cryptandrus 
Stipa comata 
Yucca glauca 
Common Name 
\,Ves te rn ragweed 
Lead plant amorpha 
Sand bluestem 
Little b luestem 
Blue grama 
Hairy grama 
Prairie sand reed 
Sun sedge 
Sedge 
Sand lovegrass 
Annual eriogonum 
Sixweek's fescue 
Prairie junegrass 
Sandhill m uhly 
Scribner's panicgrass 
Switch grass 
Silky prairieclover 
Sandcherry 
Blowout grass 
Wildrose 
Prairie goldenrod 
Sand dropseed 
Need leandthread 
Yucca 
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